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Abstract 
Recent progress in development of RE1Ba2Cu3Ox (REBCO, RE: Y and Rare Earth) coated conductors has been 
remarkable, which makes practical applications realistic. Considering the major applications, long coated conductors 
are expected to be used as coils. Improvement of delamination strength throughout the long tape is important issue 
as well to meet the requirements of those applications. Effect of processing on delamination strength was analyzed 
in this work.  The delamination strength can be distinguished into 3 groups depending on the origins of 
delamination; weak strength (<30 MPa) occurred from MOD-GZO due to pores in it. Densification of the layer by 
using higher calcination temperature in the heat treatment eliminated this type of delamination. Middle strength (30-
50 MPa) was due to cracks near the bed layer/substrate interface which were caused by the oxygenation of metallic 
substrate due to exposure to high temperature during GdBCO deposition. It was clarified that shortening the 
deposition time is effective to minimize the effect. High strength (>50 MPa) was realized by elimination of those 
defects which can be controlled by optimization of the process. Statistical analysis showed the improved process 
gives only one weak spot per thousands of kilometers long tape. The improvement of processing was effective to 
obtain high delamination strength throughout long wires.  
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1. Introduction 
RE1Ba2Cu3Ox (REBCO, RE: Y and Rare Earth) coated conductors (CCs) are expected for future applications 
such as power applications, rotating machinery, high-field magnets due to their high properties. Many efforts have 
been performed mainly on improving Ic (@self field, 77 K) property and length of the CCs. The Ic x L value, which 
is an index for the R&D of superconducting wires, has been improved day by day and is now comparable with that 
of BiSCCO wires [1, 2]. This means that the CCs are approaching practical application level in terms of the Ic x L 
value. Therefore, the R&D targets of CCs are being shifted to meet the requirements from the marketable 
applications such as in-field performance, AC loss reduction, cost reduction.  
Delamination is an important issue as well, considering practical applications. CCs have tape shape and consist of 
multi layers, therefore, many properties including mechanical strength are unisotropic. The mechanical strength of 
CCs is quite strong along the tape surface [3], however, that perpendicular to tape surface is not so strong [4]. 
Delamination of CCs was reported by Takemitsu et al. in the case of epoxy-impregnated coil during cooling, 
resulting in Ic degradation [5]. Thermal stress during cooling in the impregnation is estimated as 11-12 MPa [6], 
therefore, CCs need to have higher delamination strength than 13 MPa throughout wires. Considering the 
mechanism of delamination, applied stress causes crack nucleation and then propagates, leading to delamination. 
Since CCs have the architecture of multi-layers, they contain many boundary and defects which could cause crack 
nucleation due to concentration of stress.  
Metal Organic Deposition (MOD) planarization was proposed to fabricate bed layer with highly planarized 
surface at low cost. The process is now applicable to long CCs in terms of Ic property [7, 8], however, the effect on 
delamination strength was not fully understood. In this study, the delamination mechanism was investigated to 
suppress delamination by improving the fabrication processing, focusing on REBCO and bed layer. 
2. Experimental 
The CCs used in this work had the architecture of Ag(~10 ȝmt)/PLD-GdBCO(1.6~1.9 ȝmt)/CeO2(~0.5 ȝmt)/ 
LMO(~10 nmt)/IBAD-MgO(~5 nmt)/GZO(~110 nmt)/ HastelloyTM(100 ȝmt) with 10 mmw. To clarify the effect of 
process parameters on the delamination strength, the parameters of PLD-GdBCO and GZO were varied. The buffer 
layer of GZO was deposited by Ion Beam Sputtering (IBS) and Metal Organic Deposition (MOD) processing. 
MOD-GZO layer was calcined at 500 – 650 ÛC. Detail conditions were described elsewhere [8]. GdBCO deposition 
time was changed by using 200 W (heating time: 240 sec) and 80 W (heating time: 891 sec) excimer lasers.  
Delamination strength was measured by using a conventional stud pin method (diameter of the stud pin = 2.7 
mm). Microstructure was observed by using SEM and TEM. 
3. Results and Discussions 
Figure 1 shows the delamination strength of MOD-GZO 
buffered CCs as a function of GZO calcination temperature. The 
delamination strength of IBS-GZO buffered CCs is also plotted 
in Figure 1 as references. The heat treatment at 500 ÛC, which 
was selected since it gives higher flatness, resulting in higher 
grain alignment and Ic property [8], gave quite low delamination 
strength about 10-30 MPa. However, the strength was improved 
at higher calcination temperature. The improved strength is 
comparable with the IBS-GZO buffered CCs. To obtain high Ic 
and delamination strength, the calcination temperature was 
optimized as 600 ÛC.  
The delaminated surfaces of substrate side were analyzed by 
SEM to study the delamination behavior. Gd and Zr containing 
regions were observed only in the delaminated surfaces of 500 
ÛC calcined MOD-GZO samples with low delamination strength. 
Fig. 1. Delamination strength of MOD-GZO buffered 
CCs affected by calcination temperature of MOD-GZO. 
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Figures 2 are the cross section TEM images of MOD-GZO buffered CCs calcined at 600 ÛC (a) and 500 ÛC (b). 
The tape calcined at 500 ÛC has many pores shown as white regions in the GZO layer though that at 600 ÛC one does 
not. These pores could act as starting points of delamination to be propagated by applied stress. Since high 
temperature calcination gives denser films, these pores might be recognized to form during the high temperature 
deposition of PLD-REBCO by densification. 
 
 
Fig. 2. Cross sectional TEM images of MOD-GZO buffered CCs. GZO layers were calcined at (a) 600 ÛC and (b) 500 ÛC during MOD process. 
Concerning to “middle strength”, it was speculated to be the origin that exposure to high temperature conditions 
could damage CCs due to oxygenation of substrates. Ni and Cr within the metal substrates increases their volume by 
oxygenation with the ratio of Ni=1.65 and Cr=2.07 (Piling-Bedworth ratio), which causes cracking. CCs are 
exposed to the highest temperature during the REBCO deposition, so the REBCO deposition time was varied by 
using high (high deposition rate = short heating time) and low power lasers (low deposition rate = long heating time) 
to obtain same thickness (1.6-1.9 ȝm) and superconducting property. Figures 3 show the effect of deposition time on 
delamination strength (a) and Weibull plot of those (b). According to Figure 3 (a), the shorter deposition time gives 
high (60-90 MPa) and relatively uniform delamination strength. These samples were delaminated from REBCO 
according to the SEM observation of the delaminated surfaces. On the other hand, Ni and Cr containing regions 
were observed in the surfaces delaminated at lower stress about 30-50 MPa given by long time deposition. This 
degradation of delamination strength can be explained by the formation of cracks due to oxygenation of substrates 
by the high temperature heat treatment (deposition). TEM analysis confirmed that the oxidized layer thickness 
between GZO and HastelloyTM was thicker with the deposition time. Longer deposition time could oxygenate the 
substrates more, making more spots lower in delamination strength. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Delamination strength of PLD-derived CCs (a) and Weibull plot of the delamination strength (b). Blue marks indicate fast deposition 
(heating time = 294 sec) and red marks indicate slow deposition (heating time = 891 sec). 
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Analyzing those data shown in Figure 3 (a) statistically, possibility of weak spot of delamination strength can be 
discussed. The Weibull plot shown in Figure 3 (b) reveals the relationship between sample size and possible 
minimum delamination strength in this case. The Weibull coefficients, m, of short and long deposition time were 
12.1 and 4.2, respectively. The steepness of the slope gives the number of places where the delamination strength is 
lower than 13 MPa about 360 per 100 m long CCs in the case of long deposition time. That was greatly improved by 
shortening the deposition time; the number of these points becomes one per thousands of kilometers. This level of 
possibility is reasonably low to apply epoxy impregnation to the coils of CCs.  
The delamination strength could be improved by shortening the deposition time, however, thicker films usually 
need longer deposition time. Considering the practical usage of CCs, acceleration of deposition and/or improvement 
of buffer layer(s) as oxygenation barrier were required. Process parameters need to be optimized, taking the 
delamination strength into account as well as superconducting properties.  
4. Conclusions 
The delamination strength of REBCO CCs prepared by different processing and conditions for the fabrication 
was measured to understand the effect of process parameters on delamination strength. The delamination strength of 
MOD-GZO buffered CCs were quite low (10-30 MPa) and the reason was recognized as the porosity within the 
GZO layer. The pores can be eliminated by the higher calcination temperature of MOD-GZO processing, making 
the delamination strength much higher. The substrate was oxygenated by long time exposure to high temperature 
conditions, resulting in formation of cracks and degradation of delamination strength (30-50 MPa). Statistical 
analysis was performed on the delamination strength obtained from the samples deposited using fast and slow 
fabricating conditions to evaluate the effectiveness for long wire fabrication. The Weibull plot analysis showed that 
the fast deposition using high power excimer laser improved the possibility of degradation risk by cooling stress of 
epoxy impregnated coil (13 MPa) down to one spot per thousands of kilometers. Fast deposition has advantages in 
not only cost, but also delamination strength. Process parameters need to be optimized by using the delamination 
strength as well. 
Acknowledgements 
This work was supported by the New Energy and Industrial Technology Development Organization (NEDO) and 
Ministry of Economy, Trade and Industry (METI). We thank Dr. Kato and Dr. Hirayama of JFCC for TEM 
observation. 
References 
[1] K. Kakimoto, M. Igarashi, S. Hanyu, Y. Sutoh, T. Takemoto, T. Hayashida, Y. Hanada, N. Nakamura, R. Kikutake, H. Kutami, Y. Iijima, T. 
Saitoh. Long RE123 coated conductors with high critical current over 500 A/cm by IBAD/PLD technique. Physica C 2011;471. p. 929-931. 
[2] T. Nakashima, S. Kobayashi, T. Kagiyama, K. Yamazaki, M. Kikuchi, S. Yamade, K. Hayashi, K. Sato, J. Shimoyama, H. Kitaguchi, H. 
Kumakura. Recent R&D progress on DI-BSCCO wires with high critical current properties. Physica C 2011;471. p. 1086-1089. 
[3] K. Osamura, M. Sugano, K. Nakao, Y. Shiohara, A. Ibi, Y. Yamada, N. Nakashima, S. Nagaya, T. Saitoh, Y. Iijima, Y. Aoki, T. Hasegawa, T. 
Kato. Reversible strain limit of critical currents and universality of intrinsic strain effect for REBCO-coated conductors. Supercond. Sci. 
Technol. 2009;22. 25015(7pp).
[4] D. C. van der Laan, J. W. Ekin, C. C. Clickner, T. C. Stauffer. Delamination strength of YBCO coated conductors under transverse tensile 
stress. Supercond. Sci. Technol. 2007;20. p. 765-770.
[5] T. Takematsu, R. Hu, T. Takao, Y. Yanagisawa, H. Nakagome, D. Uglietti, T. Kiyoshi, M. Takahashi, H. Maeda. Degradation of the 
performance of a YBCO-coated conductor double pancake coil due to epoxy impregnation. Physica C 2010;470. p. 674–677. 
[6] Y. Yanagisawa, H. Nakagome, T. Takematsu, T. Takao, N. Sato, M. Takahashi, H. Maeda. Remarkable weakness against cleavage stress for 
YBCO-coated conductors and its effect on the YBCO coil performance. Physica C 2011;471. p. 480-485.
[7] C. Sheehan, Y. Jung, T. Holesinger, D. M. Feldmann, C. Edney, J. F. Ihlefeld, P. G. Clem, V. Matias. Solution deposition planarization of 
long-length flexible substrates. Appl. Phys. Lett. 2011;98. 71907. 
[8] Y. Takahashi, M. Yoshizumi, T. Itoh, A. Ibi, N. Miyata, H. Fukushima, T. Izumi, Y. Shiohara, Y.Aoki, T.Hasegawa. Preparation of the 
smooth surface on the metallic substrate using MOD RE2Zr2O7 layer for low cost coated conductors. Abstracts of CSJ Conference 2009;80. 
p. 182.
